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Why do we like SUSY?

Theoretical motivations
e.g. solves the hierarchy problem (M;/mgy,,), includes gravity, ...)

Good agreement with EW precision data and gauge coupling unification

'nification of the oupling ongtants

experimental errors 68% CL: . 4 . e
7 , in the SM and the mimimal MSSM
evatron (today) .

Tevatron/LHC
— LC+GigaZ

o Provides a natural Cold Dark Matter candidate
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Supersymmetric Models

MSSM Supersymmetry

(>100) (<)
Gauge-Mediated Constrained
SUSY breaking:
GMSB: e.g. MSSM (6) and R-Paritv
AL, mSugra (5) violation
Anomaly-Mediated
SUSY breaking:

I

Provide natural Dark Matter candidate

Will focus on MSSM (mSUGRA and GMSB).
- provide natural dark matter candidate
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- have most experimental results



How to look for SUSY

LSP = lightest neutralino (or sneutrino or stau)
Typical search : NLSP — LSP + (SM particles), LSP
undetected : g}

Sensitivity:

o LEP: my sp ~ Vs /2 < 103.5 GeV

o Tevatron: 100- 500 GeV (depends on particle)
Example topologies:

squarks, gluinos chargino+neutralino GMSB
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LEP ll: Geneva

One experiment

i. (pb )

Integrated Lum
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o e+e- collider at CERN:

Energies 160-207 GeV
(~140 pb-!/ expat E,,, = 206 GeV)
o 4 experiments:
o ALEPH, DELPHI, L3, OPAL
o particle identification e, u, 7=,

v, b, ¢
o Trigger efficiency ~ 100 % for
E,.>5 GeV
o Accelerator and Experiments
exceeded expectations for
performance

1898 2000
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LEP: final mSUGRA limits

heoretically excluded

EP1 EWK precision
measurements
Chargino searches

Heavy stable stau

mp: Common scalar mass at GUT scale

iy o- Common gaugino mass at GUT scale

A, Common trilinear scalar interaction at GUT scale
tan 7: Ratio of Higgs vevs

Sign of ;1 (Higgsino mass parameter)

400




LEP: summary of LSP limits

o Interplay of several searches:
o Charginos: in a large part of the
parameter space

appear in their masses
through the RGEs
o Higgs boson: through quark

masses in radiative corrections
o MSUGRA:
o M(x%)>50-60 GeV
o tanp24 g

o Constrained MSSM oo
0 M(X10)>46-5O GeV ﬁ_ | ‘5 dorge )

_Sleptons

6 : in the corridor
Excluded ar 95% C.L.
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Tevatron Run I

Upgrade completed in 2001

Accelerator:

-_ ey

& Recw:ler "

Experiments CDF and DO

About 500 pb-! of good data
on tape => expect 2 fb! (4-9
fb-1) by 2006(2009)
Analysed about 200 pb-!
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Tevatron Performance
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Charginos and Neutralinos

MmSUGRA inspired
e [Neutralino LSP

* 3 leptons + E,r

GMSB inspired:

e Gravitino LSP m(g) ~0(keV)
* Here: Neutralino (NLSP)—>5Y
2 photons +ET + X

09/09 - IDM 2004 Searches for SUSY - B. Heinemann




3 leptons + ET

Invariant Mass jt*

= D@ Run ll Preliminary  pgons

11]4_5 Z':':: Z I:;“
e |loxBR IOW (<O5 pb) 103;1'\ e, wwz.

. EEEt

* Backgrounds large 1:, o “"”+*++++++ s
Selection ' N

* 21 (l=e,u) + isolated track or utut :: #%0

. SlgnlfICGnTﬁﬁ 3 D@ Run Il Preligi;;{j:ﬂw[gew

* Topological cuts
selection
eel 0.7+0.5 1
eul 0.3:0.3 0
uwl 1.8:0.4 1
= 0.1+0.06 1

background observed

" 20 40 50 &
pirdrack (GeVic)




MSUGRA: 3-lepton result

Cmeined result:

D& Run Il Preliminary
Search for y;x) — 31+X: Limit on ¢ x BR(3l)
M) = M) = 2:M(x,); M(slepton) = M(y;)

- |0xBR<0.3-0.4 pb

Theory comparison

* mSugra: m(y:)>97 GeV
e tanp=3, A,=0, u>0 _
¢ M(Xi)zM(on)zZM(Xoﬂ , D@ Run I

» Heavy squarks: m(x:)>111 GeV [EEE STy t——
 Reduce destructive 100 105 110 115 120 125 130
interference M) [Cev]
* Large my:

* Sleptonsiisel Will extend sensitivity beyond LEP with

* Very difficult just 25% more data:
Two times more already on tape!
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Assume 9 is NLSP:
Decay to g+y

- G light M~O(1 keV) -

 Inspired by CDF eeyyﬂz
event: now ruled out by LEP

DO (CDF) Inclusive search:

ALEPH DELPHI L3 OPAL
efe’ = 15— GGy
d 130<vs<209 GeV

m(}‘ff) (GeVic)
=

8

—
o
(%}

3

Events/5 GeV

-
(=]

CDF Run

* Data

Il Preliminary (202 pb )
T T T . I . i

[0 QCD & fake photon]
[J SM yy production -
E ey background

E;>13GeV, [0 <1.0

1

-

~ 60 80

T

Missing E; (GeV)

» 2 photons: E;> 20 (13) GeV
. /> 40 (45) GeV

Exp. Obs. | M(x*y)
>192 GeV

M, =1
M, - 2 A

>168 GeV
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Indirect Search: B.->uu

(Bs->uw):
SM: 3.5 x 102 (6. Buchalla, A. Buras,
Nucl. Phys. B398, 285)

SUSY:

» 3 order of magnitude enhancement
(Arnewitt et al., Phys. Lett. B538, 121)

« otan®B (6. Kane et al., hep-
ph/0310042)

Selection:

* 2 muons, displaced vertex+other

dnlUe
% 2ED® Preliminary _ ,
30000 _‘_,_-Jf"l' '- 6 Signal region

25000 .
Side Band 1

]
[}
=
=

15000

Event=10 MeV

SM signal (= 1IZI“]

- Y(15,25,35)

S0

Side Band 2

Kassipp) [Gev]

Lfrw / =, L L | 1 Ly TR Y e | R 5
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Indirect Search: B.->uu

o
e SM: 3.5 x 102 (6. Buchalla, A. Buras, ”

Nucl. Phys. B398, 285)
« SUSY:

3 order of magnitude enhancement
(Arnewitt et al., Phys. Lett. B538, 121)

« otan®B (6. Kane et al., hep-
ph/0310042)

Selection:
* 2 muons, displaced vertex+other

1x10-7

250 300
oy o [Gg‘i,.f]

DO (prel.) |CDF

expected 3.7+1.1 1.1+.0.3 Trileptons: 2fb-!

observed 4 |
CL |<3.8x107 | <5.8X10-7 Combined CDF+DO:

BR<2.6x10"’
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Bs->uu vs DM cross section

, within, Greater than 2 ¢ ot WMAP, -:Jﬂ'?g
(P. Ko, SUSY 04) < funp1
Probe SUSY parameter 5
space consistent with IR A
WMAP data: " DO+CDF
 mSUGRA: just touching... ' :

* Non-minimal models (Cerdano,
Munoz): already constraining

p(P

tan[i=H3

£

tanf=33

T

B
10 IIJB{R‘&

Bs->uu in competition with direct
DM detection experiments

tanp=>50

M,=300 GeV, A,=0

DO+CDF
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Bs->uu vs DM cross section

[ ess than, within, Greater than 2 ¢ ot WMAP, #‘_“J |
(P. Ko, SUSY 04) & quwpo [ "]
Probe SUSY parameter |

space consistent with
WMAP data:

* mSUGRA: not touched yet

* Non-minimal models (Cerdano,
Munoz): already constraining

Bs->uu in competition with direck
DM detection experiments

09/09 - IDM 2004 M,=300 GeV, A,=0







Summary and Qutlook

" LEP severely constrained mSUGRA and beyond:
" LSP mass >50 GeV
" Chargino mass>103.5 GeV




. 3

" Tevatron Run 2 has started and is running:

= Ist result available: direct and indirect

" Have started to constrain parameter space

= Expect 20-5(|) times more data by start of LHC: 4-9 fb-1
il WY N




Summary and Qutlook

" LEP severely constrained mSUGRA and beyond:
" LSP mass >50 GeV
" Chargino mass>103.5 GeV

Ll

" Tevatron Run 2 has started and is r'unmng

= Ist result available: direct and indirect

" Have started to constrain parameter space

= x ec’r 20-50 ’rlnmes more data by start of LHC: 4-9 fb-1
_ A |

ol

.-.l-ﬁ-
Hope we don t have to wait for the LHC to
find Dark Matter at colliders!

15
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The Higgs boson

cision measurements of

M, =80.412 + 0.042 GeV/c?

My,7178.0 +- 43  GeV/c?
Prediction of higgs boson mass within
SM due to loop corrections
e Most likely value: 114 GeV

mass precision

Better prediction with expected

improvements on W and top

Direct limit (LEP): m,>114.4 GeV
80.6] LEP 295% CL
| excluded
80.5} CDF + D0, 1 fb-1?
: aaf?), - LEP 2 W mass
Lo—ao 140, - H
S 04 v
} (G [
- I LEP 1, SLD, v
= 80.3
£ [
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( 80.1] 1"3“0 N
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Summary of CDF Higgs Searches

CDF Run Il Preliminary
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iggs Discovery at Tevatron?

. ol SUS"Hnggs Workshop
- Higgs Sensitivity ('98-'99)
F Study ("03)

* Higgs Sensitivity Study (2003)
« combined CDF/DO sensitivity

pd luminosity {fb"‘.‘exp.‘,l

| _ | 5 digcc-very
) SIEJSWHiggs-Wnrkshop-{{-g&-'g‘.?r]- ggﬂz?é?_e::;usion

120 140 160 180 200

" Higgs Senmtnnty Study {'03} my (GeV)

statistical power only . :
11 (no systematics) ™"

—
o
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Squarks

-
Typical signature:
» Jet and %
Interesting:

¢ Mixing of mass

100 120

e i 9 e ns 1-01- es I\'“Is.op(Gf-V/CI')

* 3rd generation squarks
(stop, sbottom) could be
very light (<200 GeV)

* Large production cross
sections at Tevatron
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eneric Squarks and Gluinos

Signhature:

* |2 jets and E,r
o YPJet> 275 GeV
o 15175 GeV

Observe: 4, Expect: 2.7+1.0

Events / 10 GaV

50

D& Run 1l Preliminary

e Data
B S bg.
_1Signal

N [N A O I A | R I
100 150 200 250 300 350 400

mSugra
¢ Fix: my=25 6eV, tanp=3, A;=0,u<0
» Exclude: m(q/g) < 292/333 GeV

Improves Run I limits:

Include more data

Scan parameter space
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Bottom Squarks

High tanp scenario:

*| Sbottom could be light

This analysis:

e Gluino rather light: 200-300 GeV
- BR(g->bb)~100% assumed
Spectacular signature:

cV

e 4 b-quarks +%
Require b-jets and ﬁ(,r>80 GeV

Expect:2.6+0.7 TR0 gl a2
Observe: 4

Exclude new parameter
space in gluino vs.
sbottom mass plane

B-Tagged Events / 15 G
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any charged massive particle (e.g.
stop, stau) with long lifetime: "quasi-
stable”

Assume: fragments like b-quark

Signhature

« Use Time-Of-Flight Detector:
* Rior #140cm
« Resolution: 100ps

Number of tracks
o

* Heavy particle=> v<«<c

* Atror Ttirack Tevent = 2-3 NS
Result for Ator >2.5 ns:

» expect 2.9+3.2, observe 7

0<10-20pb at m=100 GeV

CDF Run 2 Preliminary
= Observed

|:| Predicted

Cross section (ph)

CDF Run 2 Preliminary | di= 53 ph

! J
Preduction cross section (NLQO) =

¥ -- Cross section limit (Stop isolated) =

A - - Cross section limit (Stop embedded in jet) =

1 1 1 1 1 1 1
70 80 90 100 110 120 130 140 130

Ot M(1)>97-107 GeV @ 95%C.L. EEEIE:RCIEIEN




Integrated Luminosity (fb')

ka3

Luminosity Perspectives

—_
":E_"';-l-;'rﬂ

= FY’'04 Integrated Luminosity
—%uo- ..
g Measured
-gi' u u
g“ luminosity
o .' ‘.,'l'"
11/23/03 1/18/04 3/14/04

12 pb' / week is
also above the

i ——

— pmjeiﬂ:%

design: challenging
base: conservative

L 1 I

4 5 ¢

T

=

T T 1
= 3] 10

Start of Fiscal Year
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del:
R-parity conserving production => two
neutralinos

 R-parity violating decay into leptons

* One RPV couplings non-0: A, , Apy
Final state: 4 leptons +ﬁ1

° eee, eeu, uue, uuu _
uul (I=e,u)
e 3rd lepton P>3 GeV

« Largest Background: bb
Interpret:
* M,=250 GeV, tanp=5

RPV Neutralino Decay

DO result
eel (I=e,u) 0.5+:0.4
0.6+1.9-0.6

Fipq, My = 250 GeV, tanB =5

CRAUGINOS (NLO)

o . experime::tal imits

cross section limit [ph]

my ( GeV.c?)
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